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ABSTRACT 
Total heterotroph bacteria populations in the Sangamon River in east central 
Illinois, U.S.A. were monitored during a period between June and October in 2003 and 
2004. Fecal coliforms (FC) were also monitored during this period in 2004. The four sites 
monitored were upstream and downstream of the Sanitary District of Decatur (SOD). All 
areas ofthe river monitored showed similar populations ofboth total heterotrophs and 
FCs. No correlations could be made between increases in populations of total 
heterotrophs or FC in relation to flow rate, dissolved oxygen, or total solids. Most sites 
were found to exceed the recommended amount ofFC for recreational waterways as 
determined by the USEP A during all sampling dates. Total heterotrophs showed little 
variation. In general, FCs were more responsive to both month and site than were total 
heterotrophs. Some differences were seen in FCs in comparison to month and site. The 
greatest populations ofFCs were found in October and at the downstream sites. Further 
monitoring may need to be completed to determine the origin of the FC since these levels 
indicate a possible pathogenic threat to those using the stream for recreation. 
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Introduction 
Knowledge of total heterotroph and fecal colifonn (FC) bacteria populations 
within streams and the surrounding aquatic community are important for several reasons. 
Increases in or consistent high popUlations of total heterotrophs or FC's may indicate 
potential health threats and the possibility of water treatment plants inefficiently 
disinfecting their discharge. Generally, microorganisms present in surface waters are 
closely tied to water quality and possible presence of pathogens (Lutterback et al2001, 
USEP A 1986). Pathogens are often considered the pollutant of greatest concern to 
human health (Eleria & Vogel 2005, USEPA 1986). Specifically, total heterotroph 
bacteria monitoring can be very important since their increased population predicts 
environmental organic pollution (Kohn et aI1997). Fe populations should absolutely be 
monitored since they are indicators that detennine recreational use of a waterway 
(Traister and Anisfeld 2006). 
Assessing total heterotroph and FC bacteria populations over a period of time 
will provide a baseline for further study of streams. Indicator bacteria have not been 
collected consistently on a national scale until recently, therefore data regarding the 
microbiological quality of many rivers and streams in the U.S. is limited (Francy et al 
2000). Many states did not habitually test their lakes, rivers, and streams until the 
passage of the Clean Water Act in 1972 (Simpson et al 2002, USEP A 1986). 
According to the United States Environmental Protection Agency (USEPA) 40% 
of rivers assessed in the U.S. were classified as impaired due to pollutant levels in 2004 
(USEP A 2004). "Impainnent" means partially or not at all supporting one or more 
purposes such as sustaining aquatic life or recreational usage (USEPA 2004). Impaired 
waters do not meet the water quality standards required by the Clean Water Act. 
Recreational waters having greater than 200 FC colony forming units (cfu) per 100 mL 
are considered impaired (USEP A, 1986). This impairment is due to the risk of 
contamination by pathogenic microorganisms. 
Water may be impaired due to a multitude of pollutants including temperature, 
sediment, pathogens, nutrients, metals, dissolved oxygen, pH, pesticides, and other 
organic chemicals, etc. (Simpson et al2002). Impairment may be caused by point or non­
point sources. Point sources are those that can be readily detennined such as municipal 
sewage treatment plants, industrial plants, domestic septic tanks, manure storages, or 
concentrated animal feeding operations (Eleria & Vogel 2005, Jamieson et al 2003, Parry 
1998, USEP A 2000). Non-point sources are usually more difficult to identify for example 
sediment, manure, wildlife and sludge application (Eleria & Vogel 2005, Jamieson et al 
2003, Simpson et aI2002). 
Overall, land use has been found to have the most significant effect on 
concentrations of pathogenic bacterial indicators in stream water (Francy et al2000). 
Leaking septic tanks and the feces of wildlife and livestock are the usual suspects of high 
levels of fecal bacteria (Boehm et al2003, Malakoff 2002, Paul ct alI995). Studies 
indicate that simple fixes such as adding more watering troughs would reduce fecal 
colifonn contamination by livestock (Byers et al 2005). 
Agriculture alone is responsible for 60% of impaired river miles and 50% of 
impaired lake acres (USEPA 1995). According to EPA's National Water Quality 
Inventory: 2000 Report, prepared under Section 305(b) of the Clean Water Act, 13% of 
impaired rivers and streams were due to urban storm water runoff and discharges from 
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storm sewers (USEP A 2004). Storm water runoff may include several pollutants 
including bacteria, sediment, organic nutrients, hydrocarbons, metals, and oils (USEPA 
2004). 
Since bacteria have a high surface area to volume ratio, they are generally good 
indicators of degraded water quality (Merkley et al 2004). Microbiological water quality 
can be degraded by means of usage for livestock, runoff from agriculture, recreational 
usage, or ineffective disinfection at a municipal waste management plant (Blatchley et al 
2007, Eyles et al 2003, Jamieson et al 2003, Scully et al 1999). Enumerating total 
heterotrophic bacteria is the most general test for the bacteriological quality of the water. 
Since both pathogenic and nonpathogenic organisms are enumerated the populations of 
total heterotrophic bacteria are most useful for observing a potential problem due to 
changes in the populations ofbacteria at specific locations (Yates 2007). 
Since it is difficult and expensive to culture the entire range of possible 
pathogenic microorganisms, indicator bacteria present in recreational and drinking water 
are measured instead (Yates 2007). Indicators have been used since the early 1900's to 
detcnnine the microbiological quality of water. As early as 1914 the United States Public 
Health Service required drinking water show no signs of coli iorm s (U .S. Treasury 
Department 1914). Since testing for the vast amounts of possible pathogenic 
microorganisms has been expensive, time consuming, and difficult, indicator organisms 
have been used to identify possible pathogenic microorganisms (Yates 2007). To 
detennine possible health risks due to pathogenic microorganisms in water a variety of 
specific indicator bacteria have been used including: fecal colifonns, total colifonns, 
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total heterotrophic bacteria, Escherichia coli, Streptococcus spp., Enterococcus spp., and 
Clostridium pCliringens . 
Traditionally, enumeration of indicator bacteria has been an important part of the 
evaluation of water quality; methods such as membrane filtration have been successfully 
used (APHA et aI1995). In 1968 the first water quality recommendations were proposed 
by the National Technical Advisory Committee (NTAC) of the Department of Interior 
(USEPA 1986). NTAC suggested a change from a coliform water quality index to fecal 
coliforms because FC's were more fecal specific and less subject to variation due to 
storm water runoff (USEP A 1986). In 1976 the USEP A made the same recommendation. 
FCs are bacteria that originate in the intestinal tracts of animals and may continue 
living in the environment after being expelled with feces. FCs can be identified by there 
ability to produce gas from lactose at 44.5 C (APHA 19(5). FC methods usually 
enumerate Klebsiella, Enterobactor, and Escherichia (Bagley & Seidler 1977, Caplenas 
& Kanarek 1984, Elmund et a11999, USEP A 1986). Large populations of FC bacteria 
may indicate the presence of dangerous pathogens such as Vibrio cholerae (cholera), 
hepatitis A and E virus or other gastrointestinal illnesses (Malakoff 2002, Yates 2007). 
Pathogenic microorganisms such as Salmonella and Escherichia coli enter the surface 
waters from human or animal excretions and can then be carried by fish and waterfowl 
(Dadswell 1993, Moorhead et al 1998). 
Historically FC populations have been used to identity the microbiological quality 
of rivers and determine health risks to people using the water for recreation or drinking 
water. In 1972, the USEP A determined FCs to be good indicators of water health 
(USEPA 1986). Since then, the EPA has also recommended E. coli tests to predict 
-, 
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gastrointestinal illnesses (US EPA 1986). The USEPA stated that drinking from 
waterways contaminated by pathogenic intestinal organisms deposited by feces may 
cause health problems or death in both humans and other animals (USEPA 2002). 
According to the American Public Health Association, FC tests should be used to indicate 
the quantity of fecal contamination in water and wastewater (APHA 1995). 
For recreational waterways, impairment by pathogenic microbes is considered the 
most important factor to monitor due to threats to human health (Simpson et aI2002). 
Today various indicators of pathogens are used, but the most prominent estimator of fecal 
pathogens is FC population (Dadswell 1993, Emerick et a12000, Ford and Colwell 1996, 
Mallin et al 2000, Rees et al 1998). FC and total coliforms are the most commonly used 
indicators for drinking water quality and wastewater (Emerick et a12000, Yates 2007). 
Naturally surface waters should contain a wide variety of microbes. According to 
the United States Geological Survey (USGS) at least 60 genera of bacteria are present in 
aquatic systems (2004). A few milliliters of water can have from forty thousand to more 
than twelve million bacterial cells (USGS 2004). Municipal Sewage treatment plants can 
cause changes in the downstream populations of these naturally occurring bacteria (Kuhn 
et a11997, Sinton & Donnison 1994, Vilanova et aI2002). Blatchley et al found that 
disinfection of municipal wastewaters may actually decrease the receiving water quality 
(Blatchley et aI2007). Urban waste waters naturally have a variety of bacterial species. 
Through the treatment process of waste waters some bacteria are eliminated while others 
have their populations altered, therefore causing changes in the bacterial populations of 
the streams in which the effl uent enters (Kuhn et al 1997, Mezrioui & Baleux 1994, 
Sinton & Sonnison 1994, Vilanova ct aI2002). Wastewater eftluents may impact streams 
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due to possible introduction of pathogenic microorganisms or chemicals such as chlorine 
(Blatchley et al 2007). 
Today chlorination of discharge at municipal sewage treatment plants is the most 
common form of disinfection although UV treatments are also used. Chlorine is a known 
disinfectant which kills many pathogens including indicator bacteria present in 
wastewater and therefore a useful treatment if humans come in contact with the treated 
effluent (Blatchley et al 2007, Karr et aI1985). 
FCs have been found to develop resistance to disinfection via chlorination causing 
increases in FC in eflluent from municipal sewage treatment plants (Scully et al 1999). 
By comparing populations ofboth total heterotrophs and FCs in surface waters 
downstream and upstream ofmunicipal sewage treatment plants the effects of 
disinfectants such as chlorine on pathogens may be observed. 
Velocity and turbidity of the surface water may also affect the amount of indicator 
bacteria present in the waters. Usually when stream velocity is high bacteria are more 
evenly distributed over a greater distance despite an increase in population (Shteinman et 
aI1999). Jamieson et al found that during low flow conditions 94% of his collected 
samples at the watershed outlet were greater than accepted for recreational surface waters 
(2003). Goulder also suggested that high temperatures and low river discharge causes 
high densities of total bacteria (1980). 
Higher turbidity has also been found to generally correlate with higher numbers of 
FC in the stream (Emerick et a12000, Madge & Jensen 2006). Bacterial loading can be 
caused by fecal bacteria being released from sediment into streams during high or low 
flow (Jamieson et aI2003). At Municipal Sewage Treatment Plants large particles from 
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various sources encourage FC growth and disinfection resistance (Scully et aI1999). 
Further studies that include enumerating and classifying the bacterial populations may 
help to establish effects of the municipal wastewater treatment plant on the microbial 
quality of the stream. 
To investigate the effects of flow rate, total solids, and dissolved oxygen on 
populations of total heterotroph bacteria and FC an area of the Sangamon River was 
chosen for this study. The Sangamon River Basin is a 14,000 km2 watershed in parts of 
eighteen counties in central Illinois. Land use of this area is 80% agriculture with few 
native deciduous woodlands. Metropolitan areas along the Sangamon include Springfield, 
Bloomington, and Decatur. Impoundments associated with these urban areas include 
Lake Taylorville, Lake Sangchris, and Lake Springfield on the South Fork of the 
Sangamon; Clinton Lake on Salt Creek; and Lake Decatur on the main stem of the 
Sangamon River. 
The Sangamon River has been impacted by agriculture, stream channelization, 
impoundments serving as water supply, and municipal sewage storage (Fischer and 
Pederson 2003). This great amount of habitat alteration and development within the 
watershed may affect and impair the microbiological water quality of the Sangamon 
River. 
An intensive sampling program began in 1998 - 1999 and continued from 2001 ­
2003. This program documented temporal and spatial heterogeneity of an 8.5 km reach of 
the Sangamon River from just below the Lake Decatur Dam and continuing downstream 
to Wyckles Road bridge which included discharges from the Sanitary District of Decatur 
(SDD). 
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The Sanitary District of Decatur (SDD) includes 90 acres of treatment plants with 
30 circular clarifier tanks for treatment of wastewater. The SOD was formed in 1917; the 
current facilities were completed in 1990. Residents of Decatur, Forsyth, and Mt. Zion 
are served by the SOD including 24 significant industrial users and over 1,000 other 
industrial and commercial customers. Today's facility has "primary treatment followed 
by two-stage activated sludge biological treatment process with effluent disinfection by 
chlorination prior to discharge to the Sangamon River. Sludge removed by the treatment 
process is stabilized by an anaerobic digestion process prior to ultimate disposal by land 
application on farm areas." (SDO 2006 http://www.sdd.dst.il.us/). 
Sites studied were identified as upstream and downstream of the SDD. 
Influenced predominantly by reservoir discharge the upstream reach extends to the dam 
that impounds Lake Decatur. The area downstream of the SDD receives treated sanitary 
effluent. According to Fischer and Pederson both reaches are categorized as "fair" 
habitats based on the Stream Habitat Assessment Procedure and Fish Index of Biotic 
Integrity (2003). The Macroinvertebrate Biotic Index classified the reaches as "good/fair" 
(Fischer and Pederson 2003). Further studies concluded that the area of the Sangamon 
River studied was positively impacted by the discharge from the SOD main treatment 
plant due to nutrient inputs in the stream and constant flows from the treated effluent 
discharge (Thomas 2004). 
In this paper, 1 describe data collected over two years to answer the following 
questions: 1. How does the concentration oftotal heterotroph and FC bacteria vary 
spatially and temporally? 2. Is there a correlation between total heterotroph or FC 
populations with flow rate, total solids, or dissolved oxygen? and 3. Could the 
8 
concentrations of bacteria in this area of the Sangamon River negatively impact the 
surrounding stream community or those using this waterway for recreation? 
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Methods 
Five sites were analyzed along the Sangamon River in Decatur, IL. During each 
sampling date in 2003 three water samples were taken from each site and used to 
enumerate total heterotroph bacteria. In 2004 the study was expanded to include 
enumeration ofFC. Three water samples from each site were taken during all sampling 
dates and used to enumerate both total heterotroph bacteria and FC bacteria during 2004. 
Sites are labeled with the SDD as a reference point. Samples were obtained from sites 
labeled as: reservoir (RES), plant (PLANT), upstream (UPS), downstream I (Dl), and 
downstream 2 (D2) by immersing a sterile 250 mL collection bottle 0.3 meters below the 
surface water. Samples taken from the SDD were collected by using sterile metal 
collecting vessels attached to a rope. The water samples were immediately packed in ice 
and transported to the laboratory at Eastern Illinois University for analysis. Samples were 
tested within six hours of collection in accordance with Standard Methods for the 
Examination of Water and Wastewater (APHA 1995). 
Populations of heterotrophic bacteria were estimated using the membrane filter 
method. Dilutions schemes were adjusted according to the visual turbidity of the water 
samples on the date of collection (see Table 1). The most useful dilution scheme is 
described below. 
The serial dilutions for total heterotrophs included: 10- 1, 10-2, 10-3 • The dilution 
scheme was completed as follows. For the 10-1 dilution 1 mL was taken directly from 
the original water sample and added to a 9.0 mL peptone blank and vortexed. One mL 
was taken from this 10 mL and added to a 9.0 mL peptone blank for the 10-2 dilution. 
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After vortexing 1.0 mL was taken from this 10 mL dilution and added to a 9.0 mL 
peptone blank for the 10-3 dilution. Each 10-3 tube was filtered through a 45 urn Nitro 
Cellulose membrane filter using a vacuum pump then three plates were made for each 
dilution sample. Filters with sample were placed on Standard Plate Count Agar (Difco), 
and incubated for twenty-four to thirty-six hours at 35C ±0.5e. Standard plate counts 
were determined on plates ranging from 30 to 300 colonies. Populations were averaged 
and recorded per 1.0 mL ofwater. Spearman's Rank Sum Correlation and Kruskal-Wallis 
Tests were used to analyze the data. 
FC populations were estimated using the membrane filter method. 10 mL and 1.0 
mL water samples were filtered (see Table 1). The 10 mL was taken directly from the 
water sample and filtered. The 1.0 mL samples were added to 9.0 mL peptone blanks and 
filtered. The 45 urn Millipore membrane filters were placed onto nutrient pads containing 
m-fecal coliform broth (Difco). FC plates were sealed with tape, placed in water tight 
plastic bags, and placed inside air tight plastic containers. The plastic containers were 
submersed in a water bath (44SC ± 0.1) for 24 hours. Plates with populations of 1 to 150 
were counted due to such variation in samples. Populations were averaged and recorded 
as colony fonning units per 100 mL of water. Populations were estimated following the 
directions of the Standard Methods for the Examination of Water and Wastewater 
(APHA 1995). Spearman's Rank Sum Correlation and Kruskal-Wallis Tests were used 
to analyze the data. 
Populations of both total heterotroph FC bacteria were compared with total solids, 
dissolved oxygen, and flow rate. Total solids and dissolved oxygen were collected by the 
Eastern Illinois Department of Biological Sciences. Daily discharge was obtained from 
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the United States Geological Survey website (www.il.water.usgs.gov) for gauging station 
Sangamon River at Rt 48 at Decatur, IL (# 05573540). 
12 

Table 1. Sangamon River water collection dates, dilutions and sample sizes used for total 
heterotroph and fecal colifonn bacteria. 
Date Site 
6/25/03 Reservoir 
Upstream 
Downstream 
1 
Downstream 
2 
7/9/03 Reservoir 
Upstream 
Downstream 
1 
Downstream 
2 
7/29/03 Reservoir 
Upstream 
Downstream 
1 
Downstream 
2 
8/19/03 Reservoir 
Upstream 
Downstream 
1 
Downstream 
2 
Plant 
7/8/04 Upstream 
Downstream 
1 
Downstream 
2 
Plant 
7/20/04 Upstream 
Downstream 
1 
Dilutions for Heterotrophs Sample Size for Fecal 
Coliforms 
50mL, 10mL, 1.0 mL 
10 mL, 1.0mL 
10 mL, 1.0mL 
10 mL, 1.0mL 
10mL,1.0mL 
10 mL, 1.0mL 
-
]0-3 ,10-4 , 
10-3 ,10-4 , 
10-3,10-4 , 
10-3,10-4, 
10 1,10-1, 
101 10-1, , 
101,10-1, 
101,10- 1, 
101 10-1, , 
101,10-1, 
10- 1 1O-~ 10-3 , , 
10-' ,10-6 
10-' ,10-b 
10-' ,10-b 
10-5 ,10-6 
10-2 
10-2 
10-2 
10-2 
lO-.l 
10-2 
10-1 10-2, , 
10-.l 10-3, , 
10-2,10-3, 
10-2,10-3, 
10-2,10-3, 
10-2 10-3 , , 
10-2,10-3, 
10-2 10-3 , , 
10-2,] 0-3, 
1O-2,1O- j , 
10-2 ,10-3, 
10-3 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 

1O-~,lO-3, 10-4 
13 
Downstream 
2 
Plant 
8110104 	 Upstream 
Downstream 
1 
Downstream 
2 
Plant 
8/31/04 	 Upstream 
Downstream 
1 
Downstream 
2 
Plant 
10119104 	 Upstream 
Downstream 
1 
Downstream 
2 
Plant 
10-2,10-3, 
10-2 ,10-3, 
lO-L , 10-3 , 
10-L ,10- j , 
10-2 ,10-3, 
10-2 10-3, , 
10-2 10-3, , 
10-·,10-3, 
10-2 10-3 , , 
10-2 10-.1, , 
10-2 10-3 , , 
10-2 10-.1, , 
10-2,10-3, 
10-2 ,10-3, 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10.4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10mL,1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
10-4 10 mL, 1.0mL 
14 

Results 
The results of the bacteria populations of total heterotrophs of the upper 
Sangamon River near the SOD Main Treatment Plant are presented as data collected 
during 2003 and 2004 between June and October. The results of the FC populations of 
the same area are presented as data collected during July, August, and October in 2004. 
Heterotroph populations did not vary spatially within the Sangamon (i=0.912, 
df=3, p=0.912). The mean of each site during 2003 and 2004 are illustrated with error 
bars showing standard error (Figure 1). Total heterotroph bacteria appear to have some 
differences, although not significant, when comparing the mean populations at all sites 
upstream and all sites downstream during the combined 2003 and 2004 sampling periods 
(Figure 2). Total heterotroph populations did not show a statistical difference between 
months (X2=7.306, df=3, p=0.063) (Figure 3 & 4). In 2004 the lowest total heterotroph 
population was in July and the highest in August. The mean population oftotal 
heterotrophs in July ranged from 696!mL at site 02 to 25,454/mL at the PLANT. In 
August the mean population of total heterotrophs ranged from 933/mL UPS to 
217,000/mL D 1. Nonparametric correlations showed no association between total 
heterotroph bacteria in relation to flow rate, total solids, and dissolved oxygen (Table 2 & 
Figure 5). Heterotroph populations showed no statistical differences overall with any 
factors. 
Mean FC populations by sites in the Sangamon River during 2004 are il1ustrated 
including standard error (Figure 6). FC populations significantly varied among sampling 
locations (X2=6.847, df=2, p=0.033). The greatest mean FC populations were at the Dl 
site. For example in August the mean FC population at the PLANT had a population of 
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631100 mL while the mean FC population in D2 was 12,122/100 mL. The mean FC 
populations of the combined upstream and downstream sites showed some differences in 
2004. Mean FC populations of the upstream and downstream sites were compared and 
illustrated including standard error (Figure 7). The downstream sites had greater FC 
populations. 
When evaluating the FC populations over the months of July, August, and 
October there were significant differences with time (x,2=7.71 1, df=2, p=0.021). Mean 
FC populations by month in the Sangamon River during 2004 illustrate that FC 
populations were greatest during October and lowest during July sampling dates (Figure 
8). The mean number ofFCs in July ranged from 52/100 mL at site UPS to 465/ 100 mL 
at site D 1, whereas, the average number in October ranged from 5067/ 100 mL at site D2 
to 103 83/1 00 mL at site D 1. 
Nonparametric correlations showed no association between total FCs in relation 
to flow rate, total solids, and dissolved oxygen (Table 2). Speannan's rank sum 
correlation tests did suggest that the lower flow rate correlates with higher populations of 
Fes, though this was non-significant (Figure 9). For example, the average flow rate 
August 10, 2004 was 10 ft3 per second and the FC population was 12,122 per 100 mL at 
the D2 site. August 31,2004 when the flow rate was 1230 fe per second the FC 
population was only 1100 per 100 mL at the D2 site. 
All areas of the river tested showed similar populations. Total heterotrophs varied 
little with any observed factors. Some differences were seen in the populations ofFCs 
over the months and in the comparison of upstream verses downstream during 2004. 
16 

Overall, Fe populations were more responsive to month and site than were total 
heterotrophs. 
17 

Figure 1. Mean total heterotroph populations by sites in the Sangamon River 2003 ­
2004. Error bars show standard error. 
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Figure 2. Mean total heterotroph populations of the upstream and downstream sites in the 
Sangamon River 2003 - 2004. Error bars show standard error. 
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Figure 3. Mean total heterotroph populations in the Sangamon River by month 2003. 
Error bars show standard error. 
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Figure 4. Mean total heterotroph populations in the Sangamon River by month 2004. 
Error bars show standard error. 
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Table 2. Spearman's Rank Sum Correlations illustrating the correlation of flow rate, total 
solids, and dissolved oxygen with heterotrophic bacteria and FC populations. 
Heterotrophs Heterotrophs Fecal Coliforms Fecal Coli forms 
Correlation P value Correlation P value 
Coefficient Coefficient 
Flow Rate -0.325 0.065 -0.249 0.336 
Total Solids 0.020 0.912 0.357 0.160 
Dissolved 0.013 0.945 -0.053 0.858 
Oxygen 
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Figure 5. Mean total heterotroph bacteria populations versus flow rate of the Sangamon 
River 2003 - 2004. Error bars show standard error. 
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Figure 6. Mean fecal colifonn populations of sites on the Sangamon River 2004. 
Error bars show the standard error. 
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Figure 7. Mean fecal colifonn populations of the upstream and downstream sites in the 
Sangamon River 2004. Error bars show standard error. 
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Figure 8. Mean fecal colifonn populations in the Sangamon River by month 2004. 
Error bars show standard error. 
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Figure 9. Mean fecal colifonn populations versus flow rate ofthe Sangamon River 2004. 
Error bars show standard error. 
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Discussion 
The last comprehensive analysis of the Sangamon River was completed 
during 1998-2002. The sites were found to have Stream Habitat Assessment Procedure 
(SHAP) scores of 84 for upstream and 91 for downstream (Fischer and Pederson 2003). 
The sites were therefore considered "fair" stream habitat quality. Differences were still 
found between upstream and downstream sites. Physical and chemical water qualities 
suggested differences between the upstream and downstream reaches (Fischer and 
Pederson 2003). Upstream sites showed greater concentrations of suspended solids 
(Fischer and Pederson 2003). Fish and macro invertebrate indices suggested the SDD 
effluent had a positive impact on the Sangamon River by providing a relatively constant 
flow into the Sangamon River (Thomas 2004). 
Total heterotroph populations were determined to provide a baseline of the 
amount ofbacteria present at each site in this area of the Sangamon River and overtime 
detennine any marked changes spatially or temporally in the stream. Statistically no 
differences were observed for the mean populations in UPS, Dl, D2, PLANT, or RES 
over the two summers. This could be due to flow rate. With a continuous flow the 
heterotrophs populations may remain fairly constant and unable to increase in great 
numbers. A study analyzing the biological quality of the Sangamon River predicted that 
the relatively constant flow into the river from the treated effluent discharge was 
beneficial to the biotic communities (Thomas 2004). Studies also suggest the 
combination of high summer temperatures and low river discharge contribute to the high 
densities of total heterotrophic bacteria (Goulder 1980). 
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FCs were enumerated to identify the sanitary quality of this area of the Sangamon 
River and to narrow the possible origins of these populations of bacteria. Since this area 
of the Sangamon River is used as a recreational waterway for fishing, boating, etc. it is 
important to know the amounts of fecal bacteria in the surface water. The U.S. EPA 
currently uses FC measurements as a stream standard (US EPA 1986, Elmund et al 
1999). 
Once again none of the sites showed any significant statistical differences in 
relation to one another. Although higher populations were expected to be found 
downstream of the SDD no such correlation can be made. However sites D 1 and D2 were 
found to have higher mean populations compared to the other sites during most sampling 
dates. 
Most sampling sites were found to exceed the USEP A limit for total FCs during 
all sampling dates (Table 3). USEP A limits for recreational areas are 200 FC per 100 ml 
(USEPA, 1986). Thirteen of the 17 mean populations covering all sites were found to be 
"impaired" according to the USEPA standards for microbiological water quality. This 
suggests that this water is unsafe for recreational usage and could cause intestinal illness 
in people using this water (Benham et al 2005, USEPA 1986). These findings should not 
be surprising since over 40% of the U.S. waters assessed during 2004 were considered 
impaired (USEPA, 2004). Since the majority of the samples were found to exceed 
recommended limits for FC, land use and water use would have to be further studied to 
pinpoint one or several reasons for the excessive amount ofFCs found in this part of the 
Sangamon River. 
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Since mean FC populations were found to be greater downstream of the SDD it is 
possible that the bacteria are developing resistance to chlorine as tound by other studies 
(Scully et al1999). Numerous studies have shown varying reasons for such high numbers 
of FCs. Some studies have shown that the overflow from sewer treatment plants after 
excessive rains contribute to the contamination of recreational waters (Marsalek & R. 
Quintin, 2004) Others show that septic tanks many contaminate aquifers that contribute 
to surface waters (Paul et al1995). Nearby agriculture such as cattle may also contribute 
to the contamination after rainfall (Mallin et aI200l). The timing ofthe collection of 
samples in relation to rainfall may further explain some of the spike excesses in FC 
numbers (Hyland et aI2003). Low and high flow rates have been found to contribute to 
increased levels ofbacteria caused by a release ofFCs from stream sediments (Jamieson 
et al 2003). Seasonal shifts have been observed in FC populations as well (Hunter et al 
2000). A study done in 2003 suggests that all of these factors play major role in the FC 
concentrations of a river (Hyland et aI2003). 
Many factors contribute to the impairment of a waterway. The Sangamon River 
Basin is 80% agriculture, therefore agriculture runoff may have an impact. In one study 
use of the land surrounding the stream was found to be one of the most important factors 
in determining the reason for increased FC popUlations (Francy et al2000). Further 
studies including specific land use of the surrounding areas of the Sangamon River may 
therefore be useful in determining the origin of the FC popUlations. 
The elevated populations of total heterotroph bacteria and FC in the Sangamon 
River may correlate with rainfall although this was not a variable in this study. The rain 
can cause chuming of the stream releasing bacteria in stream sediment (Hyland et al 
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2003, Jamieson et aI2003). Although the USGS gauging station located on the 
Sangamon River does not have a rainfall gauge this information would be beneficial for 
further studies. Rainfall was not a factor examined in this study but samples collected 
following a rain did have greater populations although this was not statistically analyzed. 
Despite the studies illustrating reasons for increased levels of FCs in surface 
waters many studies with findings similar to mine showed no direct cause for the high 
levels of fecal coliform bacteria. Van Ess and Harding were unable to find a correlation 
between the FC and any parameter at A very or Monteith Parks in Oregon after 
investigating water temperature, air temperature, daily precipitation, and turbidity (Van 
Ess and Harding 1999). Avery Park waters were found to exceed USEP A maximum 
levels for FC during 21 % of the sampling period between June and August in 1996 
without an identifiable cause (Van Ess and Harding 1999). During the same period 
Monteith Park waters exceeded FC limits 79% of the sampling dates without an 
identifiable cause. Most FC populations observed during a study of the Oldman River in 
Canada were also found to exceed USEP A standards for maximum levels for FC, but a 
definite source could not be found (Hyland et al 2003). Further research would need to 
be completed to better understand the relationships between microbiological water 
quality and environmental variables in this section of the Sangamon River. 
To detennine a cause for elevated populations of total heterotrophic bacteria and 
FCs, soil samples of the aquatic community and surrounding area of the Sangamon River 
may be useful. The relationship between bacterial and sediment transport may be 
beneficial (Benham et aI200S). These may help lead to more direct correlations with the 
40 

... 

environment (Elmund et a11999, Hyland et aI2003). Turbidity has been found to 
correlate with elevated FC populations (Mallin et aI2000). 
Collecting more samples during each month over a longer range of time may also 
help to identifY causes for increased total heterotroph and FC populations in the 
Sangamon River. If samples were then found to be highest in the summer months 
agricultural use ofland on and near the river would need to be examined. If samples were 
found to remain high over several months leaking septic takes and the SDD would be 
sources to consider. It is also important to remember that elevated populations may be 
due to a number of nonpoint sources such as wildlife or pets which make the 
identification of one source very difficult. 
The last issue to investigate may be whether or not to test for other indicators or to 
continue studying total heterotroph bacteria and FCs. Recent journals suggest that other 
tests are more accurate indicators of pollution and of potential health risks to humans. 
Some go as far as recommending the elimination of FCs as an indicator all together 
suggesting that tests for specific bacteria are more reliable at predicting the presence of 
specific enterics rather than enumerating all including those that are environmental 
(Leclerc et a12001, Noss 1998). To better understand microbes in this section of the 
Sangamon River tests such as E. coli would be suggested (Elmund et al 1999, Kebabjian 
1994, McLellan 2004). Even with E. coli testing the presence of specific bacterial 
pathogens may not be evident. Their presence must be confirmed by genetic 
fingerprinting (Kuntz et al 2003, Lindstedt 2005). 
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Table 3. Fecal Colifonn Populations from the Sangamon River by sample date during 
2004. 

Water Sample Date Site" Mean Fecal Colifonn per 
100mL* 
7/8/2004 Up_stream 267 
Downstream 1 465 
Downstream 2 443 
Plant 135 
7/20/2004 Upstream 52 
Downstream 1 217 
Downstream 2 250 
Plant 174 
811012004 Downstream 1 6968 
Downstream 2 12122 
Plant 63 
8/31/2004 Upstream 300 
Downstream 1 1050 
Downstream 2 1100 
10119/2004 Upstream 5283 
Downstream ] 10383 
Downstream 2 5067 
*Bold numbers show they exceed the USEP A recommended standard amount of 200 FC 
per 100 mL for recreational surface waters. 
**Site populations are not included for each date due to samples being TNTC or TFTC. 
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Appendix A. Observed populations ofheterotrophs and Fe found at each site during the 
study displayed with flow rate, total solids, and dissolved oxygen. 
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Fecal 
Coliforms 
Heterotrophs per 100 Flow Total 
Month Date Site per mL mL Rate Solids Dissolved Oxygen 
June 6/25/2003 Reservoir 333500 200 0.0032 10.37 
June 6/25/2003 Upstream 2222 200 0.0028 7.96 
June 6/25/2003 D1 14111 200 0.0032 8.57 
June 6/25/2003 D2 6222 200 0.0037 8.49 
July 7/9/2003 Reservoir 1504 50 0.0024 7.12 
July 7/9/2003 Upstream 4422 50 0.0029 7.75 
July 7/9/2003 D1 7800 50 0.0032 6.41 
Juiy 7/9/2003 D2 3367 50 0.0035 6.35 
July 7/29/2003 Upstream 2328 175 0.0025 9.66 
JUly 7/29/2003 D1 1566 175 0.0022 9.13 
..Ju!y 7/29/2003 D2 1584 175 0.0027 9.13 
August 8/19/2003 Reservoir 2311 4 0.0036 6.6 
August 8/19/2003 Upstream 3211 4 0.0027 8.28 
August 8/19/2003 D1 3850 4 0.0024 3.63 
August 8/19/2003 D2 3667 4 0.0021 7.48 
August 8/19/2003 Plant 1400 4 0.0042 3.1 
July 7/8/2004 Upstream 3828 267 450 0.0015 7.96 
July 7/8/2004 D1 1800 465 450 0.0026 7.72 
July 7/8/2004 D2 696 443 450 0.0014 7.45 
July 7/8/2004 Plant 3107 135 450 0.0018 7.76 
July 7/20/2004 Upstream 6567 52 150 0.0019 7.82 
July 7/20/2004 D1 10078 217 150 0.0017 8.1 
July 7/20/2004 D2 12468 250 150 0.0024 8.32 
"I, 
July 
August 
7/20/2004 
8/10/2004 
Plant 
D1 
25434 
217000 
174 
6968 
150 
15 
0.0017 
0.0022 
7.54 
7.1 
t"1 August 8/10/2004 D2 147000 12122 15 0.0029 7.1 
I August 8/10/2004 Plant 4733 63 15 0.003 5.8 
I 
August 8/31/2004 Upstream 933 300 1500 0.0025 8.19 
tI 
:, 
August 
August 
8/31/2004 
8/31/2004 
D1 
D2 
1800 
1511 
1050 
1100 
1500 
1500 
0.0028 
0.0028 
8.41 
7.91 
: 1 
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I 
October 10/19/2004 Upstream 35889 5283 50 0.0022 
October 10/19/2004 01 36334 10383 50 0.0022 
October 10/19/2004 02 41556 5067 50 0.0032 
I,
,: 
f 
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Appendix B. GPS coordinates for sites sampled in the Sangamon River. 
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Site #1 Reservoir Lincoln Park--above outfall N 39 49.813' W 088 57.819' 
Oakland (Lincoln Park Drive)-- above 
Site #2 Upstream outfall N 39 49.890' W 088 58.355' 
Site #3 Plant SOD Main Treatment Plant N 39 49.933' W 089 00.033' 
Site #4 Downstream 1 SDD Main Treatment Plant--below main outfall N 39 49.916' W 089 00.190' 
Site #5 Downstream 2 Sangamon River - below Steven Creek N 39 49.955' W 089 00.522' 
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